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ABSTRACT i , .
.- ‘ . R e
éagt of the~conventionai wisdom c5ncenn1np children’s

learning to read is that word identification‘is often based

upon ‘only part gf'the graphic pattenn. For over half a. ' T =
century desqriptions of orallreading errors of beginning

readers have no:ed (a) the use of limited graphic

inTormation in word identifica%ion,r%nd (b) the saliency of
- the initial letter 2s such a cue. However, such

conclusiens are not jusﬁif;ei solely on the basié of oral

. . [
‘readinp errors. Graphic’, syntactic and semantic

“a

consthaints gslwell as response avéilability and
-retrievability affect the choice of response. Furthermore,
the relative importance of these constraints in reading may
change with the child’s reading proficiencv.’
: 1
This study presents an account of position saliency in

terms of(the chrild’s ability to utilize praphic

in?ormatipn, and in particular the serial encoding of

information from letters in a graphic pattern. By varying




‘~the nuﬁber and-postyon of the letters distinpuishing
,»»éraphic patterns (Pos ponditionl ip a short-term -
rééégnition memory (STRM) task,'the rela;i?e use of
/ information from different parﬂs of the graphic patpern can
;be determined.‘ Under STRM, the subject must analyze,’
Eemember and uﬁilize the graphic informatio% from’ the
Target (?) stimulus, in Jjudging whether‘or'not the ,/
demparison (C) stimulus is the same as the T stimulus.
InlEXpériment 1"Exposure Time (ET) of the T stimulus,
| - Retentioa Interval (Ri) between T and C stimuli and the

v

Pos eondition were varied.

-

-

If the initial letter is éalient.because it is usually
the fLrstlof the letters encoded there should be an

. . interaction of ETxPos conéition.' Detection of a difference

” between T and C stimuli should increase primarily in the
middle and final lettér position with én increase in,ET.
If Sosition saliency is due to ; differential forgetting

N {
rate as a function of letter position, an RIxPos pondition
interaction would bé prediqted with preapér forgetting in
the middle and final letter pogsitions. The hypothesis that
the saliéncy of the‘iniFial letter position is due to a
- : ‘lpbonic decoding stﬁategy used by ;oung readers may be

\examined by evaluating the performances of both riadersAand

non-readers.

The results of Experiment 1 indicated that boﬁh second

: -

Femestcr prereédinp kindergarten children and first graaers




© are more likely to_detect a difference between'the‘T and C

stimuli in the initial .letter position than at the middle

~

or final letter position;: Furthermore, the predicted

ETxPos c3ndition interaction was significant with increased

ET primarily affecting detection of a difference at the
b L

middle and final letter positions The RIxPos condition

interaction was in the direction predicted to explain

position saliency. The initial letter was more iikeiy to

be forgotten with increased RI than letters in other

v

*

positions.

Experiment 2Jused,a similar paradigm with-'a fixed ET.
aﬁd RI to investigate thevsaliency of position for enteriné
kindergarten-children. The"results indioated neither a
position effectknor any indication that chilcdren’s
performance changed ddring the study.

The results of Experiment 1 are further descriped
using a finite state model incorporating four psychological
processes: encoding, forgetting, eomparison of encoded T
information with pre ented C stimulus,.and a decision
process. The model emphasizes the importance of eualuation
of. children’s responses in‘terms of different decisional
strategies unich may be adopted.

These studies support the notion that the initial

N

letter position becomes a salient cue in word

identiﬂication. Furthermore, this position saliency can

‘oceur prior to‘ﬁeadinp instruction per se. Children

. ALY
xiii , )
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N

develop a left-to-right proceséing strategy which is

revealed by,vz:z;ng/%he'processing time. From the finite
state model we can conclude that children’s Qecisional

processes vary with lheir information about the stimuli.

14

© e Xiv



I
INTRODUCTION
Part of the conveniional wisdom concerning children’s
léarning ta read is that the idéntificatiah of words is
'>6f£en cued by only part.of the word. Evféence\for such
cuing %s found in a number of studies of'children's oral
reading errors (Bennett, 1942; Biemiller, 1976} Davidson,
1934; Weber, 1970).. For over half a century, descriptions
\ of the bral reading errors of be?innigg readers have noéed
\(a) the use of only limited graphic information as cues to
Qord identification,’and (b) the saliency of the initfal
lettéf as a cue to word iderdtification. These
characteristios of word identification performance may be
used/éo indicaté the developmental progression of learning
to encode 1nformatlon from a graphlc pattern (i.ge., to form
an 1¥ternal representation from the pq;phlc pattern) and to
utilﬁte the -encoded information in word recognition. A
ma jor change in the performance of the child as he learns
to.read is the incbease in the graphic approximation of his
oral reading to the prlnted word. As the child becomes a
skilled reader, a word mlsread is increasingly likely to
resemble the printed word in specifiable ways: the printed
wopd and the word substituted for it have more letters in

common, and they continue to be more likely to berin with

the same letter. This developmental progression indicates




ﬂﬁ?

the increasing importance of fraphic information in the

identification process.. However, it does not indicate why
che child does not use more graphic information in the

identifiéation brocess‘initfally, or why the initial letter

is so often used as a‘major cue' in word identification.

N

These issues are examined in the present study by

investigating the development of the ability of

kindergarten and first grade students to utilize graphic

informatién. Specifically, the role of letter position in

that developmenp.will be examined.

One explanation of the use of limited graphic
informaticn and the growing saljency of,the initial letter
position argues that they are}not due‘to the viébal'
characteristics of the graphic pattern (Kolers, 1970).
Kolers and Perkins (1969) reported adults’ oral errors on
pseudo-words presented in vérioﬁs visual transfdrmations of
normal print, g.g.j mirror image. No relationship was
found between the letter position and the probability of an
error for pseuao—wordé of equal length. Kolers (1970)
argues that this indicates that position saliency cannot be
due to visual procéssing capabilities, but is due to
cognitive or linguistic factors. One linguistic factor

which has been proposed to account for position saliency is

sepmentation ability, that is, the child’s ability to hreak

a

16




¢

a word into its constituent phonemes (Shankweiler and

A

Liberman, 1972). According to this h?pothesié, the child
N ‘ ) ‘ .
must be able to seg%ent the spoken representation of a word

/ N ”
/

before he can use the individual sounds for the letters as
a meang of identif?inp the word in memory. It is argued
that the ability to Eegment the initial sound occurs pridr
to the ability to sepgment succeeding sound§ in a complete
wor;. Thus, the child is able to decode the initial letter
into its sound, then use this sound'and.whatever contextual
information is available to identify the word. The
Anformation from the middle q? final lettérs is allegedly
not used because the child cannot segment those parts of
the word. This lack of segmentation ability is said to
ﬁrevenp the child from using letter—souhd information to

éenerate a representation of spoken words in memory. VWhile

no-data is given on the relationship of the segmentation

abilities of readers and non=«readers to word identification-

ability, the formulation does have certain clear
implications. The saliency of the initial letter positign
and the us; of limited graphic information are both due.ﬁo
the reader’'s word identification stratepgy, a.gtrategy hased
upén using the letters as cues to sounds. If this is a
tenable explanation of the phenomena, the phenomena should

*

be restricted to the child who is unable to segment, but

17 ~
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’

who knows some letter-sound correspondences, ji.e.,

bepihning readérs. However, bfereadinp five year ¢lds have
"been shown to prefer the use of initial letfter position in

natching tasks involving both strings of letter-like forms
[} .

n (unpUblisheQ data. from the Prereading Skills Prograr) and
t pseudo-words (Calfee, et al., 1971). Thus this explanation
"as presently formulated dpes not appear tenable.

A more widely held explanation for the usé of limited
graphic information has been spatéd.by Samuels (197C).
According to him, "children select the easiest cue for
recoéﬁition,"-and that cue is often a single letter of the
Qord.‘ While the term "easiest" is not further defined o?

- operationalized in ferms of a measurement procedure, it is

“

clear that it.is meant to convey that limited graphic
f”infoghapion I's utilized. Biemiller (1970) presents a
similar view by suggeésting that the child "avoids" using
préphip information asﬁmuch as possible, é&&gsinp instead
to rely on other sources of identification information
whenever possible, e.g., semantic or syntactic contextual
information. Agcording to Samuels, the use of limited
graphic ipférmation ié due soleiy to the ch;ld's stratepy
of encoding only enough graphic information to distinguish

the word from other words being learned. Samuels aépues
f

that the child widl modify the strategy under conditions

b

Q ].8
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which require the use of.@pre praphac informétion (Samuels
and Jeffrey, 1966).‘ That is, the child has the abflity-td
eqcodetmore than a very limited aﬁoﬁnt of praphié
information but does not use it.

Usiﬁp a learning paradigm with sets of fodr two-
letter pseudo-words (e.g., DA, BE, MI, SO and SE, SA, ME,
MA), Samgels and Jeffrey (1966))found that the: group
learning the list of words having no common letters (the
graphically dissimilar list) used graphic information from
a single letter as the cue for identification. The prbup

§1earning the list of words which were graphically more
similar dged both letter positions as a source of
identification. This data has been interpreted by Samuels
as evidence for a difference in strategy of word
identification. However, although both proups were tested
after the same learning criterion was met, the group
learning the list of graphically dissimilar words had
reached the criterion after fewer trials than the group
learning the graphically similar list. If the term
strategy is to refer. to differences in the encoded

’ information resulting from the analysis and subsequent
storage of graphic information, it is not clear that the
two groups differed in word recopgnition strategies.

Suppose both groups began by encoding a single letter to

Q » 15]




\
.identify the words: as soon as both groaps reached this
criterion, one group would be able to perform the
identification task, and the other would not. Conpinuedr

learning would ‘be neehed before the group leacrning
gnaphicaliy similar words could perform the task?‘because
they would need éraphic'information fpom both letters. 1If
the group learning graphically dissimilar words had

, .
continued to work on the task as much as the one learning

graphically similar words, its %embers also might havé had
both letters encoded. Berry, et al. (1971) in fact
reported that the amounht of graphic information utilized
may éontinue to increase after perfect performance has been
reached. If Samuels and Jeffrey had tested a third group
which had as much experience with the graphic patterns as
the high similarity groupsj there may have been no
difference in the graphic informationhused in their
identification performance. Sﬁch performance would hot
indicate changes in the initial encoding of graph%c
informétion as a function of the task. Rather, the term
strategy would refer only to the fact that performance on
an easier task might be accomplished,with less information
than that needed for a harder task and would not reflect

.t
any change in the child’s processing of graphic patterns.

Lacking such evidence, the issue of whether or not the

.



. child modified the tncodinp of a praéhic pattern as a

function of the task remains unresolved.

]Iwave examined two éxplanaﬁions df‘the use of limited
praphic‘informatioh’and saliency of ipitial letter

position. The first QYpothesis, that the phenomena are not
related to visual capgbilities of the child,’but are due
instead to the way the beéinninp neéder uses
word-segmentation ability and letter-sound knowledge to
identify a word is weak. ;t has neither the empirical data
to Justify the alleged conﬁfctibn between word-segmentation
abilities and reading skillf‘nor the generality to explain
why prereaders also use limited graphic information in
-visual tasks. The second hypothesis, that the child fails

- . - .
to use more graphic information because he encodes only

~

z

enoufrh graphic information to distinguish among the printed
vocabulary, is not contradicted by available evidence . It
was emphasized, however, that there is no data to justify
the assertion that the encoding process changed as a
function o\ the sraphic requirements of the task. An
équally plausible explanation is that the number of
presentations necessary to encode sufficient information
for identification varies directly as a function of ‘the

visual similarity of the set of graphic patterhs to be

identified. The encoding that occurs upon the initial

\
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presentation of a praphic battern might not véry when then

-

-

‘the child knqws that praphic information from éach letter
position will be necessary for identification.
Theétheoretical-positionsﬁjust cited on the usé.qf
limited praphic informatién and the saliency.of the iﬁitial
= <1etter have not relafed‘lhe phenomeﬁa to visual processing
capabili'ies. No attempt haé been méde\to consider several
relevant’questions. Kirst, can the limited use of péaphic
information be accounted for by the child s inability to
process critisal types of visual information, e.g., the
sequeéce'of the“letfers‘in a praphic pattern? Secénd, is
the chila limited in the amount of graphic information that)
he can store in a brief presentation of an unfamiliar
praphié'pattern? Finally, is there any evidence that would
lead us to hypothesize thét the child might have pgraphic
information encoced which is not utilized in the dedision
process of sélectinp a response (cf. Gibson, 1969)? The -
first two of these questions concern fFraphic processing
ability, while the third involves the decision process.

All three questions will be_addressed'in the following

sections.



GRAPHIC PROCESSING ABILITY

Two characteristics .of the child’'s processing habits

v oA . (/, .
might change as he learns to read and might be related. to
&4

his use of limited graphic information and position
- N

-

saliency; (1) critical types of visual information or the

qualitative%y differegt kinds of graphic information which
the child can encode, e.g., sequence of letters (saw vs.
was); and (2) limited capacity[ or, the ouantitative

g

capacity of the child to encode’ praphlc information.

Critical Lypes of information. A number of sEudies
’

.demonstrate that a child’s ability to use cri%ical types of

graphic information increases’ dramatically during

_kindergarten and first grade (Calfee, et al., 1971;

€Chapman, 1971, a,b). Information is considéfed cﬁiticél
when its use is necessary for visual piscrimina}ion among
indjvidual graphemes or amggg words~o; legter—strings. To
explain the early non-use of graphic information, Smith
(1971, p. 224) has suggested that the child who is
leagning to read "does not know where to look for the
distinctive fgatures of'letters; he knows how to look but

not what to léok for", and he must learp this.  If this

were the case, we might expect that oral reading errors

were the result of-a lack of ablllty to process {Nifers

visually. But there is ev1dence .to the contrary. Not even

2.3
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’ 1
brereadinp kindergarten .chilcren have troyble
distinguishing among the leftgﬁ) of the alphabet, except

thoée'féw that are distinpuished by orientation (Gates et

1

g%., 1939). Therefore,” it appears that the prereadinyg

child does know "what to look for" in order to distinguish

4 1

individual letters; furthermore, he knows it prior to
\ .

formal instruction.

<

Y . ) S
On the other hand, the child’s ability to discriminate
among short letter-strings and the set of letters

distinpuished by orientation does change as he progﬁesses

Y

~

throupgh the first year of readirfg instruction. A
kinderrarten child often has trouble consistently
discriminating between words like saw and wac which differ

L]

only in the sequence of their letters and big and dig whose
&

initial letters differ in their orientation. FEut th&s{
difticulty cannot” account for the identification

p) . »
difficulties of the beg}nninp reader. It is estimated that

less than ten pércent of oral reading errors are

-
\

praphically distinpuishev from the printed word only by
letter sequence or letter orientation (Bennett, 1942). 1In
general, these two deficits in encoding and utilizing
crltical\aspects of the graphic pattern are no longer
evident by the end of the first prade. Therefore, it does

..
not appear that the ability to encode the distinpuishinpif

2
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characteristics of a single letter or the seauence,
in?ormatiqn from letter-strings is a major probler- in word
identification. ‘ )

There is, however, one type of sraphic pattern whose

. [ ]
errors. UOver eighty penrcent of oral reading errors begin

processing is quite relzfﬁnt.to understahdinp substitution
or end with the same letters as that of the printed word.
The precursor of those pgraphically similar errors is seen
in the trouble kinderparten‘children have in discriminating
words of three or more letters which differ by a sinrgle
letter not in the Jnitial letter position, e.g., cage and
cape. While most kindergarten children can discriminate
among such graphic péﬁterns atlbetter than chance
performance, over half of the students are unable to
pebform the task qo&sistently above eighty-five percent
correct. (Chapman, 1971, a,b). When the number of
different letters iﬁ thF word 1is increased, discrimination

performance rises. For example, Nodine and Hardt (1970)

found that reversing the middle letters in a four-letter
»

word was detectable in better than ninety percent of the
cases by-prereaders. Both the length of the graphic item
and the position of.the distinguishing letter affects

performance (Chapman, 197%a).
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That a child perforrs at better than chanoe_accuracE
on such tasks supgests that he ic using 50”9‘Praphio
information‘in raking hrs regponses, and'thét this
igformation %Qy be sufficient for making a corréct,
response. - However, discriminatiog abilily in these
pérticular studies was assessed with a matching to sample
procedure which ihdicated the abiliﬁ& of the child to
utilize graphic information . They do not indicate the
amount of praphio infermation which the child had available

- for the followinp reasons: (1) The child mifht have used
the position of the previous response as a factor in makjhp
a ;esponse. There was a tendency for the child to select

the alternative next to the sample in a left to right

///////// progression (Chépman, 1971a). Since no child was told when

. -
he made an incorrect response, all responsecs might have

been considered to be correct. In‘such a situation, a
child mipht use either graphic information or positipn of
the last "correct"_response to decide on the next response.
This would préclude our using the chosen alternative as an
indicator of the graphic inforrmation utili;ed in the
selection of the response. (2) Each trial consisted of
several alternatibes whicg the child might examine and !
choose. There is no means of determininfg which

alternatives were actually examined. Therefore, we cannot
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determine which of the alternatives are considered to be

-

identical with the standard. _Since all combinations of
: 4

‘position differences between‘the standard and alternative

'did ‘not occur in each alternative position, these studies

7

do‘ﬁot provide ,sufficient data for drawing a conclusion as
to ‘the amoﬁntAQEDgraphic information utilized. Thus, we
can conclude\bnlyvthat there are visual tasks for which
only -limited @isual information is used, and for whiph ‘
letter positiga relates to or predicts the likelihood that
éraphic infobmation fror that 1étter will be utilized.
¢ “The graphic information from the letters in the middle
or the end of a letter string does not appéar as likely to
be used in discrimination or identification tasks as
graphic informaticn j:om the initial letter position. One
visual procesSinP mechanism which might be postulated to :
help éxblainﬂfhis unique problem of dealing wiap letter
strings is an internal scanning mechanism. Ghent-Braine
(1968) has used the cbncept of visual scanning to‘accounp
for diffe?entigl visual information following'péesentation'
of a visual form. She ﬁotes'that both the starting point
for the scan and the scanning direction are important in
understandin? pattern perception. Ghent-Braine (1968)

States "Enhanced perception of a particulaf side of a

'pattern could occur as a result of scanning the pattern in

27
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a particular d;rectién." Selection of the point.at which to
befFin the scén may chanpe-as;a function of the expgrience
with albhabetic materials which are qrdered left—to—ripht.,
Either a left-most étartiny position or a left-to-right
visual scan of a graphic pattern could account for the
salie;ce of the initial letter, especially if the scan is
either incomplete or limited by the ability to 'store
encodegdr information. Such a scanning mechanism-will be
considered later as a possible explanation of initial
lettef éaliency.

Limited capacity. Studies of short-term recognition

memory for visual forms have suggested the possibility of a

\

limited capacity to encode visual information. This

-~

limitation does not apply to the ability of the child to
register visual information in a sensory storage systen,
. but to the ability to encode and utilize more than one or
two visual patterns. In studies concerned with the
utilization of information from brief tachistoscépic

-

exposgfe, prereading five-year olds have aemonstrated a R
short-term visual storage system which is superior to that
of adults. Using a partial report technidue"(Sperlinp,

- 1960; Averbach and Coriell, 1961), Sheingold (1971) found

that prereaders’ performance was superior to that of adults

when the form to be reported was cued within 50 msec. of

—

=~




the stimulus offset, Thus, there is no evidence of a
limited ability to register graphic information.

Other studies indicate that the prereaders cannot
utilize enough graphic informatidn to report more than 1.6
indiv@al patterns from an array of two, three, or four
forms presented tachistoscopically (Haith, Morrison,
Sheingold, and Mindes, 1969). This estimate is consistent
with studies dfalinp with memory for individual letters
(Hoffman, 1927 in Woéaworth and Schlosberg, 1954), If the

. child treats each letter as a separate pattern to be
analyzed and‘remembered, this memory-limitation could
explain the use of limited graphic information. On the
other hand, if the graphic pattern as a whofe has a unique
character which can be the source of graphic information,
such.a memory limitation may not affect proceésing.
Neisser (1967) notes that the child and.the illiterate are
reportedly more likely not fo“separate the individual
grapﬁic elements for encoding, and are more likely to deal
with a larger unit. If this is true, the.child may be able
to encode a g;eat deal of pgraphic information from the

graphic pattern, and to demonstrate suth encoding ability

under some task conditions.
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DECISTON PROCESS VARIABILITY

‘Graphic information encodedgfrom a visually presented
pattern is notvthe sole determiner of a response in a
visual ‘task. The way the child utilizes the information in
deciding upon the selection Qf a responée may be equally

. 4
important. While we should "never assume that any response

implies mo}e thap the minimum of knowledge required to
produce\it" (Diack, 1961), it should be noted that
responses may not reflect the available information. For
example, Pillsbury (1897) investigated adults; encoding
habits by presenting words with blurred letters,
misspellings, or omitted letters for identification.
Pillsbury recorded not only the word identifications but
‘the reports cf thie character of the stimuli. FHe Eeported
that under identical presentation conditions, subiects who
knew the purpose of the experiment were more likely to
report the blurred or incorrect letters. It seems likely
that these subjects were willing to make such a report on
the basis of their graphic information because théy knew
syth stimuli were to be used. This information biased the.
report the "knowledpeable" subjects were willing to m%Le on

the basis of the graphic information.

Smith (1967) reports another example of response

characteristics affecting a visual task. His data supggest
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that subjects may effectively have a trade-off involving
the need for graphic information and accuracy. The more
accurate subject overall had more graphically constrained
errors than the subject who was less accurate overall, but
more willing to make a response with less information. If
one Assumes that the availability of sraphic information
varies as a function of the contrast levels (as determined
‘by the intensity.of the light source), then one can
determine at what cQntrast levels subjects are willi?g to
make a response. Smith (1967) reported that the suégect
T ——— . TN
-who reaguired a high leYEiYBf illuminatvion before making a
response was not only more accurate, but had more
graphicélly constrained error responses than.a subldect who
made responses at a lower level of iliumination., Since we
must assume in this arguﬁent that the illumination level
actually resulted in différent levels of graphic
information being available, the interpretation must be
considered as tentative. 1In any case, for performance
levels much less than perfect, we nust gonsider the
possibility of decision,sfrategies influencing performance.
While the possibility of the child having strong
response biases in identifigation or discrimination tasks

has not been investigated, the possibility cannot be

neglected. In any task i# which the child’s performance is

\
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not consistently correct, the possibility of’decidinp upon
the response on thq basis of incomplete information or
oufrirsht guessing ﬁust be assumed. Evaluation of the
information available ih such situations should take into

account the possibility of biases operating in respénse

~—

selection.
' CONSIDERATIONS IN INTERPRETING VISUAL TASKS

It has been pointed out that oral reading errors of
beginning readers have been construed as an indication of
the use of limited graphic information énd a'reliance on
the initial letter as.'the primary source of this
. information. Both encodiﬁp/stérage'ability and decision
processes could affect the utilization of graphic
information: the first by limit?pp the nature or extent of
the graphic pattern encoded and éhe latter by affecting the
particular sources of informatﬁ%n used to make the
identification. Identifica%ioneerrors in oral reading
cannpt provide estimates of the %mount of graphic

informatiqn the child is ablefto encod§ for the following
S .

4

i information encoded
il

4

contextual information available in thegﬁdentification task

b
o,

reasons: (1) The extent of the graphi

and utili;ed in reading varies inverse with the amount of

(Weber, 1970). When an oral reading error is consistent
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with the syvntactic and semantic constraints of prior
context, the graphic approximation  to the printed word is

usually less than that found ‘when the error is not so .

constrai?;d. (2) The extent to which the availability of

verbal labels, the strength of associative connecticns, and

their retrievability affects the selection of responses is
both unknown and uncontrolled. Therefore, other methods of
assessing encoding must be found.

One method proposed for assessing the praphic

information encoded relies on similarity Jjudgments to
pirbvide an index of strength of praphic information.

1., 197C). 1In

(Marchbanks and Levin, 1965; Williams, et

both studies, children were presented three or five-letter.
L . :
praﬂhic patterns for a three-second examination period.
\
Theu ﬁhey were asked to select from four praphic patterns
N

the oné which was most’similiar to the one they had ju;t
seen. None of the items for comparison wags the same as
the prabhic pattern presented initially, but each was
similqr to the presented pattern in a specific way: the
oVé#;;l sh;pe was the same without having any common
leiterﬁJ or the comparison items had one letter in common

in anyione of the letter positions. The percentage of

times that one type of comparison item was chosen over the

+

others was a measure of the relative strength of that type"

-33
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of similarity as a visual cue: Theeresults indicated that
éll subiects in the first prade preferred the comparison
items with the same initial letter as the presented
pattern. While Marchbanks and Levin (1965) also found
similar resdlts for kinderpérten children, Williams, et
al, (1970) failed to replicate these results with
children of the same grade from a lower socio-economic
community.

This experiméntal paradigm offers some advantages over
other ways oﬂ measuring the utilization of graphic .
information. Primarily, it does nct reauire association or
response learning as a prerequigite.. However, at best
provides an indication of relative strength of the graphic
information. 1If information from several letters is
encoded, the child must choose which letter is to be used
as the basis for determining.similarity. But thé r
experimental paradigm dQesﬁhof'provide any estimate of the
available graphic information. Furthermore, it is
difficult to assess whether or not the children understood
the directions for the task. Williams, et al. (1970)
reported that all the comparison items were equally likely

tc be chosen by the kindergarten children. Does this

indicate that all the séprces of information &ére equally

encoded or that the children had no idea what to do and

4

|
,
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therefore chose randoml?? Such information cannot be
determined from the data. On the basis of the critibisms
of previous =studies, -2 methodology for studying the
encoding and utilization of graphic information will be

proposed below.

A MORE EFFECTIVE PARADIGM: SHORT-TERM BECOGNiTION.MEMORY

Une of the major limitations noted with previous
studies concerned with the processing of graphic
information was that the information the subjiect had
available might not be reflected in the response selection.
Correct responses, especially to unique or unusual graphic
patterns, may have been cued by only a §mall part of the
graphic pattern. In studies involving similarity or
discrimination Jjudfments, incorrect responses were not used
to gstimate how muqh graphic information was utilized.
Both correct and incorrect responses may have been based on
a wide range of gr%ghic information. |

A methodoTbgical»procedure which does not have the
inhérent limitations of previous studies is‘fhe short-term
recognition memory paradigm. SucCessive presentation of
targct (T) and comparison (C) stimuli which must be judged
as same or different provides a test for discrimination

(Sorkin, 1962). Under successive presentation conditions,

b
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the subject must analyze the praphic information of the T
stimulus, remember the ihformation resulting from the
analysis for a shcrt period of time, and use thié
information in Jjudging whether or not the C stimulus is the
same as the T stiﬁulus. Unlike the simultaneous
presentation of both T and C stimbli which permits the
subjecf to check and re-check for specific differences
between.the stimuli, the analysis of ﬁhe T stimulus must be
completed before the presentation of thé C stimulus.
Furthermore, the decisippn may be based on the graphic
characteristics of the patteqn as a whole. The child does
not need to identify isolated letters as part of the task
requirement.

There are three other adVantages of the successive
presentation paradigm. First, manipulation cﬂ‘%he number
and position of the components of the graphic pattern which
distinpuisp the T and C stimuli should result in stimuli
pairs whiph vary in their discriminability. This pérmits
us to examine performance over a wide range.ofs
discriminability.

Second, an analysis of subjects’ incorrect responses
serves as an index to the informgtion which is beini

encoded and remembered. If a S's performance varies as a

function of the lettey position, some stimuli pairs should

»
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be better discriminated than others. . For example, if a
consonant-vowel-consonant trigram (CVC) such as sec is
presented as a T stimulus, possible comparison (C) stimuT¥~—
which might be presented to a S would be sbé¢, ser, sor,

med, mQ¢, mer, and mor.' These C stimuli are different from

the T stimulus in the number and position of letters which
distinguish the patterns. If S con%istently encodes
information from the initial (I) letter positﬁon, he will
~“have to base subsequent judpments abaut the nature. of the T
'stimulus on the information he has encoded about the
characterisitcs of’the initial letter. Comparison stimuli
such as soc, §§£, and sor sﬁould be Jjudged by}§ as

iaentical to the T stimulus sec, and mec, moc, mer, and mor

Jjudred as different.

Third and finally, the use of a forced-choiced task
provides us a bettér measure of the discriminability of
graphic patterns. A child’s likelihood of saying that two
iaentical stimuli are différent can be used to evaluate the
information which is contained in the response "different"

when the stimuli are, in fact, different.

Experimental rationale. Two experiments will be

reborted in this paper. Both émploy a short-term

recognition memory paradigm in which the number and

S
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N ‘
position of letters distinguishing the T and C sﬁimuli Are
varied. .

In Exptriment 1 there arc two Exposure Time (ET)
conditions for the presentation of the T stimuli (.5 anqg 3
sec.). Three Retention Interval (RI) conditions are |
employed Setween the fosét of the—T étiﬁuli and the onset
of the C stimuli (O, 1 and 3 sec.). The propositions
tested in Experiment 1 were:

(1) A limited utilization of graphic information
implies that only part of the graphic pattern will be ‘used
in. the recognition process. 1If true, the reccgnition of
differences between T and C stimuli should vary as the
number of possible differeqces whigﬁ'might be utilized to
distinguish them varies. Therefore, recogniticn
rerfcrmance should vary as a function of the number and
position of the distinguishing letters. Further, since,
under this hypothesis incomplete information is used for
Judging two stimuli a§ the same, it would be reasonable to
expect that responding to identical graphic stimuli would
result in a number of errors even though there are no

distinguishing letters.

(2) The saliency of the initial letter position should

result in C stimuli being judred as different more often
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when the initial letter is different than when any other
letter distinguishés the T and C stimuli-. |

(3) 'The hypothesis that the initial letter position
is salient because the child serially encodes the gr;bhlc
information should result in an interaction of exposure
time and letter positioh.\ Recdpnition of initial letter
differences should”not Be greatly affected by the longer ET
conditions if, in féct, the initial letter is the first one
encoded. The increased ET should'fesplt in an increased
,probability of recognizing the middle and fiqal letters.

(4) If the saliency of the initial position is due to
a child’s word identification stratepgy déveIOped in
learning’to read, there shoald be no position saliency
effect in the kindergarten,group since they are not being
taught to read.

(5) Thetéaliency of the initial letter position mipht
be due to a low likelihood of being forgotten. If this
were the case, there should be an interaction of letter
position and retention interval in which the probabllltv of
recognlzlnp the middle or final letters decreases‘more with
a longer RI than that associateq with.the initial letter.

In Experiment 2, herinning kindergarten children were
tested at the short ET and mediuﬁ RI of Experiment 1. The

data were analyzed to decide two cuestions:

39
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(1) Is the initial position salient gefore reading
related instruction begins?
(2) 1Is there evidence that the child becomes better

at using information from the whole word as he becomes

familiar with the short-tern recognition memory task? .
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EXPERIMENT 1

Method

Materials. .&here‘were two main concerns in selection
of test materials: (1) the presence of a position effect
should not be confounded b& the specific letters used in
those positions, and (2) first grade readers,shouid be able
to use any copnitivénfunctions related to reaaing, sﬁch as
prénuciation, éo'perform the task. It ‘was, decided to use
pronounceable CVCs that are also pronounceéﬁle when the
consonants are interchanged. This results in a'confounding

of specific letter pésitions with letter type, a consonant

or a vowel, but'permits the examination of an I or F letter

4

position saliency.

Two hundred twenty-four CVCs from the 5C-100 range of
%he Archer kl960) associggion list were Ehosen as Stimul;.
These were placed in 28 x 9’mat(ix which reflecteg the
following restrictions (Table 1). The twenty-eight . items
in Column f were designated as T Stimuli and were composed
of fourteen anagram pairs (e.g., row 1 and 15). The seven
C stihuli iﬁ columns 2—8'have‘the same general word shape
as the T stimulus (where general word shape is defined as
having ascending or deécendinp letters in the same letter

position of both stimuli) and do not contain orientation

41
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reversals of letters (e.g., bas; das) or order ﬁgversals of

the consonants (e.g., sec, ces). The set of seven C .
S
stimuli paired with. a spS%

fic T stimulus was chosen to

" provide specific relationships between the T and C as to

the number and position of the distinguishing letters. The
T stimulus was aléo used as a C stimulus on trials in which
the stimuli were to be judged to' be the same. The eight
ways‘in which the T stimulus may be related to the C

~

stimulus constitute the Position-condition (Pos). The

- stinmulil in columns 2-4 had different initial letter, middle

~

letter and final letter frorm the T stimulus respegtively.

The slimuli in columns 5-7 had different letters in two

positions and the stimuli in column 8 were completely,

FAN i
\ different from the T stimuli. For any T stimulus, the set

of C stimuli(which had a letter different from it at a
specific posgtion\were identical at that position. TFor
‘example, for T stimulus sec, the C stimuli which differed

from it in the initial letter (I, IM, IF, and IMF) had the

identical initial letter, e.g., mec, moc, mer, and mor.
Furthermore, the same letters were used to make the C

\

stimuli for the T anagram.
This 26 x 9 matrix of stimuli was used to construct
seven lists of Targpet-Comparison (TC) pairs. Each list

consisted of 56 TC pairs. Each T stimulus was paired as a

»
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v
C stimulus with itself and is here labeled aISame condition
item (S—condition)t All of the lists contained identical T
stimuli and differed only in the particular C stimuli used
‘to generate the various Pos conditions. One C stimulus
’from column 2-8 was chosen without replacement for each of
the 28 T stimuli to form Different condition items
(Déco%dition) with the following restrictions: k1) each of
the seven D-condition occurred four times iq the list; (2)
for each D-condition item randomly chosen for a T stimulus,
the D-condition item made by reversing the I and F letters
and its T stimulus was included. Thus, if §é§—§§£ formed a
pair in the list, ces-res also was included in the list.
This insures that the position changéd is not confounded
with the specific letter which is different in a 1list.

The items from each list were-used for the six ET(2) x
RI(3) éondtions of the experiment for a set of 4 Ss. Since
the experiment consisted of four sessions, the items in a
list were randomized into four bloqké of 14 trials each,
with one of each D—condition and seven S-condition items in

each block. Each block was then randoﬁly assigned for
presentation in bne of the four sessions. This was ¢

repeated for each of the six ET x RI conditions resulting

in six blocks of material assigned for each session. These

43 .
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blocks were then randomly assipned a presentation order
within each session.,

Each CVC was initially strip printed in lower case
letters from a film on strips of white paper. Each of the
28 T stimuli were then photographed with a 35 mm camera.
The negatives were mounted for a 35 mm slide projector.

The C stimuli differed from the T stimuli by havinf a
vertical 1line approximately three letter spaces from each
end of the CVC.

Apparatus. Two Kodak Carosel projectors eqﬁipped with
Gerbrands tachistoscopic shutters controlled by a Psionix
h2“8A Timer projected ;he stimuli on a gray square rear
projection screen from a'Sawyer's Mirascreen. Two
horizontal lines on the screen above and below the,
projection field served as a focusing guide. The
projectors were focused to project a CVC Qith a visual
angle of 2 deprees width when viewed from the subiect ‘s
chair. Aperture mechanisms (set at 1.mm) were attachea to
the projectors to reduce thé light intensity. A hand-held
switch contrglled by the S waéruséd to initiate each trial.
A reset button was controlled by E to prevent the -y
inadvertent initiation of a trial before the time .é
parameters for ET and RI were set, and to insure that the S

responded before he started the next trial.
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Subjects. Fifty-six children from two kindergarten
(K) and three first grade (F) classes of a rural eleﬁentary
school in Marshall, Wisconsin, were randomly selected to
participate in the soud;. The kindefparten group had a
mean chronological age of 72.5 months and the first grade
groups mean age was almost exactly one year older, 84.3°
months. Because the sthdy was conducted during March and
April, the kindergarten classes had received readinp»
readiness instruction. None of the K children in the study
wero identified as already reading by their teacher.

Procedure. A T stimulus presented for a variable LT
(0.5 sec. or 3.0 secs.) was followed after a variable RI
(G, 1 or 3 secs.) by a C stimulus which remained visible
for 3 secs. The S's task was to judge whether or not the T
and C stimuli were the same or different and to indicate
the judgment orally. v

Twenty-eight Ss from each grade (kindergarten and
first) were randomly assigned to seven groups, each
containing four Ss. Each group received the same
experimental conditions with different lists of stimulus
material.

Each S was testeq for four experimental sessions.

Each session consisted of a warm-up or practice period

followed by six ET x RI conditions whose presentation order
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was randonized for each group and session. For each E1 x
RI condition in a session, E randomly presented seven
trials with Same condition stimuli (S-condition) and, one

-

instamce of each of the seven D-conditions.

The foliowinp is a synopsis of the E’s introdhctién of
the child to the task. E had familiarized himself with the
children who were to participate in ﬁhe expeéimept'by
attending their élass for several days prior to the

beginning of the experiment. The children had been told

~that E would ask them to help him study what they could see

and remember. Whgn a éhild was selected to begin the
seqﬁence of ses8ions, E explained that S was going to be
shown some letters to see how well he could remember them.’”
Then BE took S to the experimental room)and demonﬁtratéd the
projectidn and response apparatus. S was shown how to

rE

initiate a trial by preésinp a hand held switch. Next, he
was given 10 practiee frials %Q iAsec. ET and C sec. RI,
He was then piven 4 pkactiée trials at the ET x RI
condition assigned to begin sessién 1. Iﬁ eacﬁ subseaquent
session there were 10 practice trials, at the first ET x RI
ccndition for that sesgion: Before each block of trials, ‘E
informed S whether the T stimuli then would be presentedt

for a shart or long duration, and how long they would have

to remember it. Each S was told after each response

whether or not he was correct.




33

Results and Discussion
Each.§'s probability of a correct response on
\ S-condition trials and D-condition IMF trials collapsed
over ET x RI conditions was evaluated using the cumulative
probabilitie§ of a binomial distribution. There was no
evidence to suggest that any child was unable to respond
'korrectly at better than chance (p < .01), therefore we may
_assume £hat S8 understood the task.

]

The analysis of the effects of ET, RI and Pos
conditiogs was performed on each subject’s probability of a
correct response cbllapsed over Judgment type. Each
sub ject judged four D-condition and four S-condition
stimulus pairs for each ET x RI x Pos condition. The four
T stimuli in thé S—conQition and in the D-condition were
identical. S°s probability of a correct .response on these
eight trials was used as a measure of overall performahée
for the ET x RI x Pos condition (cf. Tables 2 and 3).

As expected, the first grade group’ s performance (89%)
was higher (11%) than that of the kindergarten group
(F(1,54) = 20.5, p < .0 1). The probability of a correct
response shows a small (3%) but significant increase

directly related to ET (F(1,54) = 33.9, p < .001) and a
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correspondingly small (4%) but significant decrease
inversely related to increasing RI (F(2,108) = 23.2, p <
.001). There was no indication of an ET x RI interaction

(F(2,100) = 1.86).

Limited ulilization of graphic information. The

effecf of manipulating the number and position of the
different letters in the stimuli pair is clqar (F(6,324) =
41.5, p < .01). Recornition performance is affected by
manipulatirfg the nurmber and position of the distinguishing
letters. Examination of the probability that a ehild would
respond correctly to S-condition pairs indicated @hat the
kindergarten group Jiudged them to be different 21%rof the
time and the first grade group 106% of the time. If we
assume that a child does not respond "different" unless
there is some praphic information from the C stimulus which
he does not remember from the T stimulus, then we musﬁ

[

accept the limited utilization of graphic information in
N .
order to be consistent with the data. -

Saliency of initial letter position. It is clear from

the data that the initial letter is more likely to be |
utilized in the recognition judement than either the M or ?

\
letter. Post hoc Scheffe tests reveal that all pairwise |

comparisons amoung Pos-conditions are significant (p <

.05). The ordering of the Pos-conditions from easiest to
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har&est reveals a.clear position saliency effect:
IMF-condition (90%)F9 IF-condition (88%); 1IM-condition
(87%); I—cqndition (86%); MF-condition (83%);
F-condition (79%;) and M-condition (73%). Furthermore, the
single-letter I-condition produces better recognition of a
difference than the twa-letter MF-condition for both grade
levels at each ET x R; condition. The saliency of the
initial letter in the recogﬁition task is clearly
. established by the data. ®
Serial encoding. The probability of recognition of
differences varies‘;s a function of the ET and ﬁgs
condition. As seen in Figure 1 the effect of increased ET
fs seen primarily in terms of the improvement of the Pos
conditions involving the M and F letter positions with
increased ET; and this ET x Pos condition interaction is
significant (F(6,324) = 4.53, p < .001). This interaction
is consistent with the serial encoding hypothesis. The
performance under Pos conditions involving a difference in
tHe I letter position is not affected by increasing ET
while performance under Pos conditions iﬁvolving M or F
letter positions improves with an increase in ET.

Position saliency and encoding skills. There is no

Grade x Position interaction. End of year kindergarten

children behave much like first graders and have already

Q | d;)u




36

bepun to selectively encode the fgraphic information from
the initial position of the word.

Forgetting. There was no evidence that the initial
letter position was salient due to its low likelihood of
being forgotten. On the contrary, examination of the RI x
Pos-condition interaction (F(12,648) = 2.22, p < .01)

’

reveals that it is the information from the initial

position which is most likely lost over the RI (Cf. Figure

2).
Ma jor factors in encoding and utilizing graphic
information. The results of examining the relative

influence of the sipnificant. factors by a point estirmation
technique (Myers, 1966) are presented in Table 4. As can
be clearly seen, the estimate of the Pos-condition effect
éiﬁ is four times as freat as the next larpgest effect due
to grade level, y{ and twelve times as great as the
effects.of the interactions of Pos—condiﬁion with either ET
or RI. Retention interval and ET effect are only 1/23 and
1744 the mapnitude of éif. The number and positién of the’
different letters in the C stimulus is by far the strongést
Q\\kr(\iable manipulated. ‘Not even reading experience produces
as a great an effect on performance as the position of the

letters_in the graphic pattern.

Q. | 50
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EXPERIMENT 2

»
y

There Qere two‘oueétions left unanéweped by Experiment
~1 and the subsequent analysis: , (1)-Has;tnp.attention to 1
the inibia} let%er positioé Jeveloped p;idr to entry iﬁto
school? and (2) Is there any evidénce that the children
begin to look at more global aspects of the graphic bétterg
during tﬁe course of the experiment as théy leérﬁ tﬁat a
sihgle letter fails to disStinguish man?ystimuli? To test
these hypotheses, Experiment 2 was performed with .
kindergartep children séon after the start of schogl using

the short-term recognition memory paradigm of Experimentl1

with a~constant ET and RI.

Method " .
. Subijects. Twenty-eight kindergarte? children from two.
classes in a M son, Wisconsin school participatéd %n the
study. Their :jén chronological age was 68.2 months: The
study was conducteq.approximately one month after the )
opening of school. Although the Ss had been intro@uceﬁ to.
the concepts of "same" and "different" in the context of

visual shapes and single letters, they had not been asked

to make Judgments about letter strings of two or more -

I3

ol
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letters. The nam
being taught at t
| Maggriglé.
chosen from the m
numbered 1-7 and
chosen such that
stimuli: A list

(14 instances of

es-of the letters of the alphabet were not
his time.

Fourteen of the eight-item sets were
aterials in Experiment 1. These were sets
15-21 (cf. Table 1). The T stimuli were
their order reversals would also he T

was cdmposed of the 96 D-coﬁdition itens

each D-condition) and an equal number of

S-condition items.

Two randomized lists were created from these items

with three restrictions: (1) no more than four trials of

the same judgment could occur in a row, (2) the same T

stimulus could not occur more than two times in a row and

(3) an equal number of S-condition and types of D-condition

items occurred in each half of the list. The

lists were

Ltiien counter-balanced by halves to produce 4 ordérinps of

the same naterial.

Aggaratus.p A Kodak carousel slide projector with a

Gerbrands tachistoscopic shutter was controlled by a series

of Hunter timers. The rear projection screen
Experiment 1 was used. A subjiectZheld switch
beginning of each trial.

Procedure. The procedure was similar to

with the ET set at .5 sec and the RI at 1 sec.

.

two séssions of 98 trials each.

described in.

initiated the

Experiment 1

There® were
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Results and Discussion

Development of Position Saliency. An analysis of

variance was performed on the probability of a correct
response'collapsed ovér Judgment type. The Pos-condition
was significant (F(6,162) = 32.8, p <.001). Thgre was no
significance difference betweén I condition (72%) and F
condition (71%), nor between IM condition (75%) and MF
condition (73%). Comparable conditions at the end of the
kindergarten year produced significant differences between
I condition (7&%) and F condition (73%) as well as~betweenﬁ
IM condition (83%) and MF conditior (77%). This indicates
that there is no evidence for a position saliency effect in
young children who have not been exposed to reading

readiness activities. 1

Experimental learning effects. There was no

A

significant difference between performance from Session 1
(72%) to Session 2 (7“%), (F(1,27) = 3.4, p > .05). There
was, therefore, no indicatl n that children began to
process moEE fraphic informgtion as they learned it was

necessary for accurate performance. Thus, we see that

- within the exposure time constraints of these experiments,

neither the kindergarten nor the first grade child is

3
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likely.to encode and utilize sraphic information from as
many as three letper positions. There is, however, a major
chan?e in the\galiency of the initial letter which occurs
before the end of the kindergarten year: The hvpothesis
that the child learns to focus on the initial letter

position appears the most consistent explanation for these

results.




v IV ‘
A fHEOREIICAL ANALYSIS OF THE SHORT-TERM

RECOGNITION MEMORY PERFORMANCE

¢

. ~
The results of the two reported experiments indicate.

thaf the position of the letter in a graphic pattern is not
a major“factor‘in the utilization of graphic information by
'kindergarten~chi1dren at the beginning of the school year.
However, the position of the lettef in a graphic pattern
becomes a major factor in pattern regognition be?ﬁ?e the :
children finish their kingergarten ye;n and begin fo;mal
reading instruciion, and it continués to be én importénf
factor for first grade subjects.

The evidence is consistent with the se%&glyencoding
hypothesis which attributes the effect of letter position
to the order of encoding and with a limited encoding
hypothesis which attributes incorrect recognition responSes
to a lack of encoded praphic informatipn. Jccording to
these hypotheses, judgments of sameness or difference of
the C stimuli are sometimes based on incomplete information
as to the identity of the T stimulus. A priori, if §:
encodes one letter on each trial, on the éverage’four of
the seven (57%)'D-conditién trials shoulid be correctly
detected. If S encodes two letters, the a priori

prediction is for an average of six of the seven (87%)

41
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D-condition trials to'be”co}rectly detected. In Ekperiment
1, the kindergarten children displayed overall correct
response pf%babilities for D-condition of 75% for .5 sec.
ET and 80% for é sec. ET. This observed performance is

A4

less than the performance expected if the subjects
consistently encoded as many as two letters on each trial.
An analysis of S's performance should reflect the fact that

response gecisions are made even when the information

available about the I stimulus is incomplete. Furthermore, -
. N

it should also be noted that the amount of information a
subject has available may affect his decision. For
example, an S who knows that two of the letters in the C
stimulus are in the T stimulus and is unsure of the third
letter might be more likely to respond "same" than‘he would
if h? only knew that one of the letters in thg C stimulus
‘was the same aﬁd is unsﬁre of the other two.. The following |
finiYe state model is an attempt to analyze the children’s
shor te;m recoénition memoryvperformance’in terms of four
bsychological procésses. Three of these processesk
(encoding, forgetting, and dbmgarison) result in the
subject being.in one 6f five possible information states
about the relationship of the T and C stimuli, and a

decision process relates the information states to a

&

specific response.
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.

Y B '
The first task is to set out the performance which the

model will attempt to describe. The event of presenting

. successively the T stimulus and tHe C stimulus will be

represented as Sy y where J=1,2,...,8 and denotes the
specific relationship of the letters in the stimuli (i=1,
S-condition; _j=2{ D-condition I, i.e., initial letter
distinguishes the T and C stimuli, j=3, D-condition M;
J=l4, D-condition F; Jj=5, D-condition IM; j=6, D-condition
MF; Jj=7, D-condition IF; and j=8, D—condipibn IMF.) and
K=1,2,,..,6 and whicir denotes the ET x RI condition~ (k=2,
i

.5 sec ET and 0 sec RI; k=1, .5 sec ET and 1 sec RI; k=3,
.5 séc ET and 3 sec Ri; k=4, 3 sec ET and 0 sec RI; k=5,
3 sec ET and 1 sec RI; k=6, 3 sec ET and 3 sec RI). To
facilitate exposition, presentation of S-condition trials
will be }epresented <SSS> with the letter S reflquing
sameness of letters at the position it occurs. Specific}
D-condition trials will be denoted by the letter D at‘each
letter position in which the C stimulus is different from
the T stimulus. For example, a difference in the stimuli
in the I letter positio:‘will be denoted <DSS>. ;

The subject'é response will be represented as Rm,

where m =z 1,2 and denotes the responses "same" and

"different" respectively. The dependent variable is the

[ ol

'




\
probability of an Rm-.response given a specific event Si,k

where there are forty-eight events which can occur
. (8 stimuli x 6 conditions). The probabilities of the two
response outcomes as a function of the stimulus event may

, be represented in the following perf6trmance matrix:

— Ry Ro —
S11 PR, /5y ) P(Ry/S, o)
Sp.1 P(RT/S2’1) P(R2/S2’1)
" . .
i . )
; S5k ] P(Ry/S, ) P(Rp/S; )
for i =1, 2,...,8 and k = 1, 2, , 6

Since there are ninty-six entries and each row of the
matrix must sum to one, there are forty-eight independent .

vutcomes that the model must adequately describe.

fird
The proposed model will postulate that three

-

psychological processes are involved in the processing of

the graphic patterns of the T and C stimuli to effect an

AN
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"Information state (Ij) which reflects the subject’s
knowledge about the nature of the event.* A decisional
process subsequent to the Information state will result in

L}

the subject’s response.
The subject’s first task in the short-term recognition
memory task is to encode sufficient information from the
graphié pattern to distinguish it from other possible
graphic patterns. A letter in the graphic pattern will be

said to be encoded when sufficient information for

distinguishing it from other possible letters in that
serial position is processed. The fact that two or more
letters may be said to be encoded does not imply that they
are processed equally or that the amount of inforration
from each is quantitatively or oua{}tatively equal.

Both exposure time and serial position of letters in
the graphic pattern have been shown'to affect overall
performance in Experiment \, Increased ET provides the
subject with additional time to examine and encode
infofmation from the graphié pattern. And, as has already
been noted, the effect of increased ET is to increase the
subject s prébability of encoding information from the M or

I letter position. Therefore, it will be assumed that the

probability of ehcoding information from a specific letter

position in a graphic pattern will be a joint function of
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ET and letter position. The probability of encoding a

letter will be representéd by ep,t where the subscript p
§;efers t9 the serial position of the letter within the
(graphic pattern and t specifies the efposure time

condition. Assuming that the probébflity of encoding anyv
cingle letter is independent of the probability of the
encodiqg of og®er letters in the graphic pattern, the
probability of encoding two or more letters is thé Joint
probability of éncddinp the individual letters. That is, a-
sdbject's performance when letters in two positions are
lch?nged is assumed to be predictable from information about
the subject’s likelihood of encoding letters at the
different éerial positions. Any new source of pgraphic
information such as relational features between twd letters
would make this assumption untenable.: If %yis assuaption

is wrong, parameter estimates for the iddividual letter
positions will fail to model subjects’ performance when

moré than one letter is changed in the C-stimuli.

There are eight different combinations of the letJers
at the three letter positions which may be encoded or not
encoded during the présentation of the T stimulus. The
initial of the letter at the specific position (I, M or T)
will represent the ehching of information at that

position, while a barred initial (e.r., f) will be used to

6O
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repfesent the lack of information at that letter position.
En%oding the I letter only would therefore be represented
as I M F. Tne eight possible outcomes of encoding are

represented as follows: IMF; IMF; IMF; IMF; 1IMF; IMF;
IfF; IMF. ‘

The information which ;esults in a correctly encoded
letter must be remembered if it is to be used as the basis
for a later decision concerning the character o6f the C
stimulus. The lpss of information (forgetting) from a
previously encoded stimulus may result in the information
no longer being able to be used to differentiate among
stimuli.

Under ‘these conditions the item will be said to be
forgotten. Forgetting may be due to interfering encoding
processes, decay over th:\ketention interval, or
interference due to comparison 6f the remembered
information with the C s;imulus. These sources of
forgetting will not be distinguished by.the model. It will
be assumed in the model that both serial position and
retention interval will affect the memory and therefore the
forgetting of encoded information. The probability of

remembering a letter may then be represented as rp,i where

P represents the serial position of the letter and i the

'*‘CD
pn




retention interval. Therefore, ?—rb’i equals the
probability of foqgettihg-the_letter.

The information from letters encoded and remembered
serve as the basis for the comparison process. It will be
assumed in this analysis £hat if a child has information
about the graphic pattern at any letter position, he will
always note the similarities and differences between the T
stimulus and the C stimulus at that position. The
comparison process is assumed to be infallible.whenever
encoded iﬁformation is available.

The resuit of“encoding, remembering and comparing the
stimuldi is aésdmed to be one and only one of five
information states (Iq, Ip, ..., Is). Information state

'11 corresponds to a subject’s knowing fhat the T stimulus
is identical to the C stimuius at all three letter
positions. Information’'state I, corresponds to a subject’s
vknowing that the T stimulus is different than the C
stimulus at ;ne or more letter positions. When the subject
knows only that two‘of the letters in the T stimulus are
identical to those in the C stimulus, he is assumed QO be
uncertain as to the nature of the stimuli énd is in
information state I3. Information state Iy occurs when the
subject knows only’that'one of the letter positions in the

T and C stimuli is identical. Finally, when the subject
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/

has no information as to the similarity of theéystimuli, it
will be assumed that he is in a pure guessinpjltate, Ig

It is not assumed that the same information sgate
necessarily occurs whenever a given stimulus is presented, .
but rather that the state is determined by a probabilistic
process.
The probabilities for the outcomes of the various stirulus

conditions are represented in the following stochastic

matrix:
T I '
B ] 5 I3 Iu I5 _
S, (1) V . |
1, (2) (3) y
01,1 01,1 01,1 051) 0551)\
S 0(1) (2) (3) y
Y 2,1t 2, 0'2,1 02,1 05,1) 02(51)
. S (1) . (2) (3)
Tk B o'w',k i,k oj,k 0’5?@ aisﬁ S

(1)

where (F; x denofes the probability of information state

I; given stimulus event S k- Since information state I4,
i Jy 1

. can occur only for S-condition trials (89,1, S1,2, ««y

%
63
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S1,6), and information state I, cannot occur on these

trials, these prior constraints may be made:

(1) _ 0 when i

1 and
(rj,k " 0 when i

2 and ‘!

nwon
[T S
— ok

LR S

Furthermore, since information states I3 and Iy require
that the subject knows that the T and C stiruli share “two

letters and one letter respectively, We can further state
s i

(1) 0 when i =
crj,k 0 when i = 4§ an

since Sj,k involves only one identical letter in the
stimuli when 4 < i < 8 (i.e., <DDS>, <SDD>, and <DSD>) and
S4,k involves no identical letters when =8 (e.p.,
<DDD>). The value of j,k for the dther entries in the

o .
matrix can be computed by ascertaining the probabilities of

. the encoding and remembering events which result in
sufficient conditions:for the five information states. The
probability that S is in information staté 11, following a
S-condition trial, is the joint probability that all three

letters are encoded and remerbered under the particular ET

x RI-condition.

(1) .
()'J,k = P(I1,/b1,k) = [P(€1,t)P(r],i)] " [P(E, ()P (r, )]

(P(€5 IP(ry )]
1 »

LRIC -
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The probability that Lhe S is in information state I,
following a D-condition tr%al is the probability that the S
encodes and remembers at least one of the differentiating
letters. For example the outcome of presenting 55,k
(<DDS>) may be any of the eight different comb;nations of
encoded information: IMF; IMF; 1IMF; 1IMF; IMF; IMF;
IME; and IMF.. But the probability of any one of these
outcomes is Lhe sum of the probabilities of the several
encoding-forgetting combinations which might produce it
(cf. Figure 3). Therefore the probability that the S will
be in information state I>* following <DDS> will be equal
to the sum of the following probabilities: (a) the
probability the S encodes and remembers only the I letter
or the M letter, (b) the probability the subject encodes
both the I and M letter and remembers the I lette}, the M
letter or both, (c) the probability the subiect encodes
both the I and F letters and remembers the I letter or
both, (d) the probability the subject encodes both the M
.and F letters and remembers the M.letter or both, (e) the
probability the subject encodes all three letters and
remembers 'that I letter, M letter, botb I and M letters or
all three. ?able 5 gives the equation for the estimated

values for qj,k in terms of €p,t and p,i

o
T
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The decision process which rélates the five
information states of the subject with the sét of overt
responses "same" (Rg) and "different" (Rp) is quite
simple. If we assume that the subj;ct responds "same" with
a probability of 1 when in I and "different" with a
probability of 1°'when in I,, we may represent the decision

process with the following matrix:

N

1 R2

I, & 1i81
I / 82 1'82
3 &3 -8,

’IU 8“ 1_&Q
I ' - 85 1—85 .:

where Ij is the probability of eliciting Rq given

information state I4 and
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e
&, = 1 wneni - e,
" 0 when i

"
[AV]

*

The probability of responding "same" on stimulus event

Sy,k is given in the following equation

(3) (5)

8 (7* + 8 g

.

The probability of responding "Different" is equal to

1-P(Rq).
(1)

/ As indicated earlier, (77 k represents the probability

or the oflﬁhé S’s being in-information state I; following
stiﬁqlus event Sj,k under exposure time, retention interval
conditions k'and 8i reflifts deéision parameters. ‘Ey
substituting the equ1valent equation in terms of encoding
and rememberlnpxparameters for (iét)we can develop a

. series of linear equations in terms of’ ep,t (where p = 1,

2, 3and t =1, 2), p,i where p'z 1, 2, 3 and i = 1, 2, 3)

and 8m (when m = 1, 2,...,5). Since the values of 8m‘are
fixed for m = 1 and 2, we have a total of 18 parameters
) which must be estimated. The parameters may be estimated

using the method of least squares (Atkinson, Bowers and

It}

p;
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Crothers, 1965). The valuéé of the parameters are selected

so that they minimize théf$um of the squared deviations

Ry
-2

between predicted and observed values of the performance

/
matrix.

The subroutjine Stepit (Cnandfer, 1965) was used to

estimate the valués of the eiph;een variables in the model
, H _

which résult in the minimum deviation between the
forty—eipht"observed and prédicted functions. The only
restrictions imposed 6n the possible values of tge
variables dealt with the forgetting parameter The
probabllity of rememberlng information and thus not having
a correctly encoded item at time t was assumed‘to be equal

to or greater than the probability at time't + 1. This

assumes that there is no consolidation process during the

retention interval affecting subjects pqrformanoe.
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Results and Discussion
The parameter estimates for the encoding, forgetting
¢ and dgcisional variables are presentgq in Tables 6-8
bgspectively. These parameters were used to generate the_
pﬁgdicted probability of a correct response for each ET x
FI x Pos-condition. An examination of the observed and

v

éredicted probabilities (Figures U4-15) shows that a close

o .
approximation has been achieved for both the kindergarten
and first grade groups. The average devigfgon'between the
ohseérved and bredictgd values was 4.6% and 3.6% for the
kindergarten and first grade groups _respectively.

The probability og Ss’ correct response as a function
of the major factors in the experiment were estimated from
the model.a The predicted values of a correct response as a
function of ET collapsed over RI x Pos-conditions were
gitpié 1% of the observed values, while the predicted
values of a ?orrect response as a function of RI collqpsed
over ET x Pos conditions ranged from 1% to Nﬁ from the
obierved values with a modal difference of 1% (cf. .Tables
9&2 10). Pos-condiﬁions were estimated wipﬁin 3% of their
observed(values with an average deviationRAf .é% (gf;

" Table 11). Thus, the model can be seen,fo closely mirror

A
1 ’ .
the observed performance.
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i

It may be assumed that the variance between the
observed and predicted values is due to subject ;ariability
and &he effects of any factors not adequately accounted for
by the model. Using th® within-cell var;ability of the

. highest order interaction from the analysis of variance as

é, the best estimate of the random error attributable to

§ : subjects, thé variance of the obser?éd and predicted scores

was evaluated as an F—ratiof, The predicted values of the

f/¢“ model were rot siggificantlv different from the observea
values despite the power'pf the test (F(60,648) = 1.137, p

> .20).
. 2
Having established that the model fits the observed

\ perforhance reasonaply well, the specific information trom
the model may now be examiqed. 'In'the previous analysis of
Experimehp 1, the effect of ET was shown to intéract with
Pos-condition. The paraTeter'estimates gf the model
indicate that the likelihgod of encodqu praphic

. :
linformation from the.initial lettér position does not

) ihérg;se with an incrgase in ET while the likelihood of

encoding the middle and final letters does (10% and $% for

the middle ahd.final lettgr positions respeci?veiy). This

/ :
is consistent with the hypothesis that the initial letter

e

is encoded prior to the other letters. Increased ET is ®

,used to encode information not previously encoded.
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Further subport of this view comes from‘the estimated
probability that a-subject will havé 0-3 létters ig memdry‘
at the time of the comparison process. These data are
derivable from the parameter estimates and indicate that
the increased ET results.ié an increaseé probaﬁiiity that
subjects will have more informatign on which 'to ﬁake}thé
comparison (Table 12). For example, ih.the‘kinderéarteé'
group the increased ET resudts in aﬁ3% incréaseﬂin the‘
probability that two.and three letters will be available‘

for comparison, and a 2% gnd 8% decrease in the probability

-

that zero and 1 letters will be availab%e for dd@parison.
While these data are cansistent witiNthe serial

encbding hypothesis, the absolute size of the‘ET efféct is

astonishingly small. The average number_of letters

available at the 0 sec. RI may belestiméted from.the

v

estimates of Table 12. At the .5 sec ET, the kinderparten

(Y

group is estimated to remember on the averapge 1.34 lettegs

-

pef trial. The increased ET results in-an estimaté of 1.46
letters.per trial, an éiéﬁape increaég'of.a little morevd
than 1 letter every ten tridals. The first pbadé groub
showed a similér increase'iﬁ thé average number of letters

-

remembered with increased ET (2.19 to 2.3 letters per

13

trial). The lack of a dramatic difference in the encoding

as a function of ET may indicate that the emcoding
-
: }

71y S N
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processeé are not greatly affeéted‘by the increased
'exéminatibn time because of possible limitations in memory
capacity. S

In the analysis of 'Experiment 1 a RI x Pos-condition

. interaction was noted. The parameter estimates of
forgetting&(cf. Table 8) indicate that forgetting is much
more likely to occur’with‘information from the ihitial
letter position as a function of increasing RI (18% and 4%
for the largest RI for the kindergarten and first grade
groups respectivély).r ﬂiftle or no forgetting occurs for
the midale aﬁd final letter positions as a function of RI.
If the graphic inﬁarﬁation from the middle and final letter.
positions is assumed to be encoded subsequent to that of
the 1nitial letter as in the serial encodinp hypothe51s
:then their encodinp may interfere with the storage of
information from the initial 1etter position (Massaro,
1970). Since the compérison Process is based on the
encoded and remembered information, the-estimated
probabilitiés of encoding and remembering information from
" the various letter positions may be used to illustrate
resulps of the encoding apd rgmemberinp enocgsses (cf.
Table 13). Only information from the initial letter Pos is
not-noticeably affected by increas;ng'the EI: Furthermore,

~the initial letter position is the only one which is

-
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noticeably affected by increasing the RI. The probability
of hot having information from the initial letter position
is.12.5% greater at the 3 sec. RI than at the 0 sec. RI
for the kindergarten group and 2.5% gceater for the first
grade group. The encoding and remembering processes
together indicate that the final letter position is more
likely to be both encoded and remembered than the middle
letter position (30% vs. 43% for the kindergarten pgroup
and 61% vs. 70% for the first grade) and the initial
letter position is clearlyv superior to them both (61% and
90% for the kindergart?n and first 'grade group
respectively).

-

An examination of the paﬁameter estimates of the
dgcision process indicates that the amount of information a
subject is assumed to have concerning the similarity of the
stimuli does in fact affect the response probabilities (cf.
Table 8). The estimated probability of responding
"different" when two letters are known to be identical is
dramatically less than the probability of\Qespondiny
"different" wﬁen no similarity information is available (2%
vs. 88% for the kinderparten group and 20% vs. 57%j%or
the first grade proup). This is a clear indication that

subjects 'do not Jjust ruess when they are unsure of the

correctness of their responses.

73
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In the model, the estimated probability of a correct

response as a function of the total number of letters

encoded is determined when the parameter estimates for the
three Information states I3 Iy and Ig are set. Table 14

presents the estimated probabilities of a correct response
.

~

as a function of the number of letters rememembered for

both prade levels. The estimates are logical; the more
letters which the subject remembers, the more likely the
subject is to be corfect. This may be attribuﬁed to . .two

- .
. g
factors. The more letters a subject encodes, the more

likely he will detect a differerice in a D—con&%tion trial.
Furthermore, the likelihood of A correct response when the
subject is ih an uncertain information staté@reflects the
amount of information he hasf%tf. Table 15). .The'more

1

information available as to the similarity of the stimuli,
the more likely the subject is to make the correct - '
response. While the Ss’ decision strategies may not

= . maximize their pérformance, the performance itself is
. »

>

reasonable. - This is one reason why the decision bias of

Y “+

Iy for the first grade group may not be higher than it is.
A greater probability of respondin% "different" would have

N " lead to,better overall performance. But the children would

be aware oniy of the fact that thef are more likely tb be
Lo &) '

right when they have more Fraphic information, and this is

¢ .

a reasonable expectation.

-

~

~1
—
¥




SUMMARY AND CONCLUSIONS

This study has demonstrated that the child entering
; kindergarten is unlikely to display a consistent patterning

" in processing a graphic pattern. There was no evidence

%

that the initial letter was utilized more often than the
final letter in'a short-term recognition memory task. This ~
result is consistent with Williams et al. (1970) who
tested kinaergarten children prior to letter recognition
instruetion and found no letter position bias in Judging
the similarity of graphic patterns sharing a letter.
There-was no evidence that the kindeﬁparten'child was

able to alter his method of processing the graphic patterns
to improve his score. It has begn pointed out by Calfee et
al. (1972) that careful instructioné and feedback often
reduce the overall variability and improve children’s
performance on visual discrimination tasks. Despite
continuous feedback, there was no’impFerment'in

. performance from the first to the second day of'Experimért

L

II.
By the end of the kindergarten year tﬁe saliency of

the initial letter position in the processing of‘a graphic

pattern is -demonstrated by the ki%dergarten group. The

combined probability of a correct response from both same
[

4
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trials and different trials in whic% the initial letter is
changed (I condition) was .81 and from both same trials and
different trials in whggh the final letter is changed (F
condition) .73, a significant difference (p < .01).
Recognition of a change of both‘the middle and final letter
(MF condition) did not occur as often as in I condition
(:78 vs. .81), though the difference‘was not significant.
That is, tﬁe child is as 1ikely to notice the change in the/
initial letter as he is to notice the difference caused by
changing the middle and final letters.

A number of the activities of the kindergarten class
might be naﬁed as possible contributors to this result.
There are two types of activities which I have observed in
kindergarten classrooms which might influence the child’s
processing stratepy: (1) activities which focus on the
initial letter of a word such as Searching for the words
beéinning ;ith a specific letter on a work sheet ob in a
magazine; (2) activities which focus on the left-to-right

N .
progression of letters in a graphic pattern such as writing
one ‘s name or copying words. Both types of activities are
intended to make the child aware of aspects of the concept
of a word, i.e., the beginning letter of a‘word and the

importance of sequence in identifying and writing words.'l

” 3
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ng . \
The performance of the first grade group is
interesting primarily for two reasons. First, the saliencyv
of the initial letter is demonstrable at the end of the
year after the children have been reading for some months.
The effect is Just as strong as in the kinderéarpen (I vs.
F condition, 81% vs. 73% at the end of kindergarten and
92% vs. 85% at the end of the first prade). This result
is not an artifact of averaging performance‘data_over
subjects. Only one»first grade child made more errors on
<DSS> trials than on <SSD> trials, and nine chi}dren were
equally likély\to make errors on each type of trial. Eight
of these nine children were consistently correct in the
recognition of a ‘Yhange at any letter position (85% correct
or better). Therefore, these children may not be
demonstrating an effect of letter Qosition because of a
cei}inp effect: eﬁen if there are processing differences,
with ‘a. ceiling effect error data no'longer distinguish
among possible levels of proéessinp performance. It would
be interesting to use a convergent measurement suchég' .
reaction time to determine whether there is a processing
time difference associated with letter posiéion. g

Sécond, unlike many of the visual discrimination tasks
which chiidren arg like;y to have mastered by the end of

the first grade, 50 per cent of the first grade group is




64

unable to consistently recognize a change of a single
letter on a different’trial (€5% correct or\better), and
over 21 percent of the children in the first grgde group
did not recognize over 70 percent of such trials. While
broad implications cannot be grawn from'the performance of
the children sampled from one school system, the data
sugpest that a significantly larpe population of childrén
haJe trouble with this'praphic processing task.

A post hoc anal&sis of'the rank order correlation
between an achievement test (Stanford Primary, Form X)
administered by the échool at the end of the fiqst grade

and children’s overall recognition performance score

resulted in a correlation of .62, suggesting that

( recognition skill of the type tested in these experiments
might be'&mportant in understanding aspecté of thé overall

reading performance.

A number of other areas of investigation are suggésted

. as possible exténsions'of this study. If.a child is

limited in the amount of graphic information which can be
utilized foliowing a single preﬁentaﬁion, then theuroLe'df
répedted identificationltrials on the encoding of graphic
patterns deserves further.attentidn. It was notedfeariier
in the pape; that Berry et al. (1971) reported an increase

in the ability of a child to-'use graphic irformation fron

75
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all parts of a praéhic pattern as a function of
overlearning trials (trials substquent to perfect
performance). La Berge and Samuels (1974) have
demonstrated that correct performance is often not a
sensitive.measurement of level of learning. There is a
need for a clear demonstartion of whether or not the task
demands of more graphic information in order to recognize
or idéntify a word change the rate or character of what is
learned. That 1§, we need to see whether or not the
probabilit& of being _able to utilize information from
different letter positions during the course of‘learning is
affected by the experimental manipulation of the graphic
similarity of the set of items to be learned.

While the utilization of graphic information from the
initial position has been established, the character of-the
information was not considered in this study. The graphic

pattern is the source of the information used in the,

recognition tasks, -but the information may be either the

visual characteristics of the praphic pattern or the

alphabetic names of the letters. A few children in the
first grade overtly named the lett&Fs in the graphic

pattern. However, if most of the children are using the

physical characteristdcs of the pattern as the basis of

recognition, o results should not be sreatly disrupted in

-

79 | “'
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L N
a similar~expe}1ment“with letter-like forms like those used

by Gibson et al.. (1962). -Since there had been some

disagreement 6veﬁi}he strength o? the habit of processing
the initial or left-most part-of a pattern with
non—aiphabetié materi;l iGhéﬁé;ﬁréine, 1968), these
gquestions could be further cié;ified by examining the

\

’ . .
effect of posit;on with non-alphabetic material.

A final area of investigation strongly suggested by
this study is a child’s decision strategy., A finite state

model Qas proposed to describe the -overail data in'terms,of'

*

psychological processes. An encoding process, a .

reﬁembering—forpetting process, a comparison‘prc%esé éna ?;
decision process were postulated. The data was well \ -
described by the model in térms of the probability of
encoding a letter as a function of its pdsition and
exposure time,‘the probability of forgetting an encoded
letter as a function of position and retention interval,
and £he probability of making a response based upgn the

. .

encoded and remembered informétion.

One aspect of the model which is not-readily apparent
from the traditional analysis is the compari;on and
(
decision processes. It is assumed that the encoded and

remembered information from the T presentation is compared !

to the C stimulus. The results of the comparison .are X

o 80
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aeschibéd in terms of the chilg'é knoyledge about the.
ndture of the. event; the two?§£imuli are known to be the °
same if all_of the letters are encoded and remembeged from
the T stimulus; the two stimuli ‘dre known to be different
_ifﬂapy one letter which‘is remembered is different frgm'th;
letter in the same position in the C étimulus; otheﬁ@%ée
‘the\chila is uncertain. The model estimated the
probabilities that the child will reply "differeAt"ﬂif he
knows that two, one, or none of Epe letters are common to
both. stimuli. "Accordinp to the best fit of the model, the
child is more likely to respohd "different"™ if he knows
none of the letters than if he knows that two of the

letters are the samne. '
S
. . The use of such decision strategies by children is
, relatively unexplored. Since the use of partial praphic

( .
information seems to characterize much of the child’'s early

reading performance, it certainly deserves attention.

81
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‘ Table 2 ~
The Probability of a Correct Response as a
B Function of Expcsure Time and Retention
Interval for.Each Grade
Retentijion . . ¥
. Interval Exposure Time
o . (Second¥) (Seconds)
. “ . . i
: |
5 3.0 |
- — |
f%r . : ~Kindergarten !
R 1
. |
o .79 82 |
1 P ; .79 8C
3 | T3 7
First g
' \ I
0 .88 . 91
1 .88 91
2 .65 .9G
y
7




Table 3°
The Probability of a Corfect Response as a

Function of Poéition Condition and Grade Level

in Expériment 1

Grade Position
I M F - IM MF IF IMF
K 61. 67 .73 60 | .76 .63 .88
F 92 | .79 | .85 | .93 | .86 | .927| .93
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Table 4
PointvEstimation of Significant Sources
L ¥ of Variance in Experiment 1
&
Source . \ , Estimated Cize
. Grade (G) 23Y
Exposure Time (ET) ‘ 0317
Retention Interval (RI) .060
Position (Pos) 1.372
ET x Pos ‘ : .106
- RI x Pos - .101
”

LRI i
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Table 5

The Probability Equations for oél; in

Terms of the Probability of Encoding (e ), and

Remembering (rp'i) Graphic Informatlgn : ‘

For any ET x RI Condition K

4

y \
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Table 5

olt) = (Ple; )P(r, )] (P(e, )P(r, )]~ (Ple. .)P(r. .|
1,k 1,t 1,1 2,t 2,1 3,t “3,1)
(2) '

Ol,k = 0

o{3) = [P(e, IP(r, )]+ (Ple, .)P(r. )] e (P(l-e. )] +
1,k 1,t 1,i 2,t 2,1 €3 ¢

[P(ez,t)P(rz,i)] '[p(eB,t)P(IB,i)]' [P(l—el,t)] +

. \
[Ple) (JIP(r) j)) e (Pley IP(ry ;)] e [P(l-e,M )] +

s 1

’

[P(el,t)P(rl,i)] '[P(eZ,t)P(IZ,i)] '[P(eB,t)P(l_IB,i)] +

[P(el t)P(rl 1 [P(ezlt)P(l-rzli)]- [P(eB,t)P(rB,i)] +

’ ’

[P(el,t)P(l-rl,i)] '[P(eZ,t)P(IZ,i)] °[P(63,t)P(r3,i)]

01 k¥ = [P(el,t)P(rl,i)] [P(l-eZ,t)] .[P(l-eB,t

[P(ez,t)P(rz,i)] °[P(l-el,t)] * [P(1l-e )1+

3,t

[P(e3 t)P(IB,i)] * [P(1-e )1 « [P(1l-e )1+

l,t 2,t

’

(Ple) (IP(r) )]« [Ple, )P(l-r )]+

’ ’

%)] * [P(1l-e

2, 3,t

[Pe; IP(l-x )1+

3,t7.

l,i)] '[P(ez,t)P(rz,i)] o [P(1l-e

.[P(el t)P(rl i)l '[P(e3,t)P(l-r3,i)]

’ ’

[P(l-e )1+

2,t

(Ple) IP(-xr) ) e [Pley IP(ry )]s (P(loe, )] +

2,t

(Ple, (IPle, )]« [Pley (JP(lory )]« [P(l-e; )] +

l,t

[P(eZ,t)P(l-IZCi)]' [P(e3,t)Pfr3,i)] [P(l-e )1+

1l,t

)]+

[P(el,t)P(rl,i)]' [P(ezlt)P(l-r 3,i

2,i)]' [P(eSItJP(l—r

[P(el,t)P(l-rl,i)]- [P(ezlt)P(r2 ) 1 -[P(eBIt)P(l-r

, 1 3,1

[P(el,t)P(l4r

1,101 0 [P(ey (IP(l-x) )1« [Pley IP(xy ;)]

5 86

)1+
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¢ Table 5

ol‘si - [P(l—el‘,t)] « [P(l-e, )]+ [P(l-c—:;3’t)] +
[P(e) (IP(l-r) )]« {P(l-e, )]« [P(l-ey )] +
[P(ezlt)P(i-rzli)] * [P(l-e) )] ¢ [P(l-ey )] +

" [P(ey IP(l-ry )] : [P(1-e; ()]« [P(l-e, ()] +

[P(el,t)P(l'rl,i” . [P(ez,t)P(l'rz,i)] . [P(l—e3’t)1 +
[P(ez,t)P(,l_;Z,i)] « [P(ey P(l-ry ;)7 ¢ [P(l-e; )] +
[P(ellt)P'(l-rlli)l « [Pley (IP(l-ry ;)] e [P(l—ezlt)] +
(Ple; P(1-r, ()]« [Ple; (JP(l=r, )]+ [Pley (JP(l-ry ;)]
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[P(el’t)P(rl’i)]

(Ple) IP(r; )]

’

[P(el’t)P(rl;i)]
[P(el t)Pirl’i)]

’

[P(el,t)P(ri’i)]

[P(el t)P(rl i)]

’ ’

[P(el,t)P(rl,i)]

[P(el’t)P(rl i)]

’

[P(eilt)P(r )]

1,i

[P(ez’t)P(r2 )]

’

Table 5

.

"

[P(l_ez,t)] -[P(l-e )] o+

\

3,t

)] o+

[P(ez’t)P(rZ’i)]- [P(l-e3’t

[P(ez’t)P(l-r ;)1 e [P(1l-e )]+

2, 3,t

.
[P(e3’t)P(v3’i)]- (P(l-e )] o+ -

2,t

[P(e3’t)P(l—r3’i)] e [P(l-e )] o+

2,t

[P(ez’t)P(rz’i)] -[P(e3’t)P§r3’i)] 2

[Ple, (JP(ry ;)] e« (Pleg IP(l-xy ;)] +

3,1

[P(e2,t)P(l_r2,i)] L4 [P(e3,t)P(r3,i)] +

[P(e2,t)P(l_r2,l)] 4 [P(e3’t)P(l_r3 i)]v

’

IP(e3’t)P(r3’i)]- [P(l-e )] o+

l,t

[P(gl’t)P(l—rl’i)]- [P(e2,t)P(r2,i)} '[P(e3,t)P(r3,i)]

[P(ez’t)P(rz’i)]- [P(l-e
(Pley (JP(ry ;)] + [P(l-e; )]+ [P(l-e
[P‘el,t)P‘l'rl,i)]' [P(ez’t)Plrz,i)l- [P(l-e

[P(el’t)F(l~rl’i)] -[P(e3’t)P(r3’i)]- [P(l-e

[P(ez’t)P(l—rz’i)]- [P(eB;t)P(IB,i)]. [P(1l-e

[P(el,t)P(l_rl,i)]' [P(ez’t)P(rz’i)];>[P(e3’t)P(l-r

FP(ezlt)P(rz’i)]- [P(e3’t)P(l-r

t)]' [P(l-e )] o+

1, 3,t

2,001 *

3,t)] +

2,t)] +

l)] hd [P(l-e )] +

3, 1,t

l,t)] +

3’i)]

[P(el,tYP(l-rl,i)]- [P(ez,t)P(l'rz,i)] -[P(e3’t)P(r3Ji)]

90

+

’
A
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PR Table 5

[P(l-e

g)) e [P(l-ey )] +

2, 3,t

o = '[P(e%'é)Pirl'i)]

[Ple, (IP(ry ;)1% [P(l-e) )]« [P(l-e; )] +

3, t

(Ple) IP(x) 1o (P(e, IP(r, )]+ [P(le; )] +

3,t

[P,(el,t)P(rl,i)] [P(ezlt)p(l—rzl‘i.)l ¢« [P(1-e )] *

3,t

+

[P(el't)P(l-rl'iL]- [P(ez,t)P(rz,i)] o [P(1l-e

3,t)]

[Pley JP(r) y)] e (Pley (JP(ry ;)] e [P(l-e, )] +

[Ple; )P(r) )1« [Pley IP(l-ry )]« [P(1-e

t)P(lei)I ‘[P(e3ht)P(r3'i)] * [P(l-e

2,t)] +

[P(e2 l't)]'+

I

3,i)1 ¢ [P(l-e

. [P(eZ'txp(rzli)] -[P(g3't)P(l—r 3,t)] +

2

[P(el,t)p(rl,')]

+
1

.[P(eZ,t)P(IZ,i)]' [P(e3't)P(r3'i)]

-

[P(ezlt)P(l-rzli{l:M[P(e3't)P(}-r3'i)] +

~ [P(elzt)P(rl,l)]

)]+

JP(el't)P(l-rl'i)] '[P(eZ,t)P(IZ,i)]' [P(e3't)P(l-r’3'1

[P(el,t)P(rl,i)] . [P(ez,t)P(IZ,l)] L4 [P(e3't)P(l_r3'1)] +

)]+

{P(el't)P(l-Fl'i)] -[P(ezlt)P(rZ'i)li [P(“e3"t)P(l-r3'1

)]

i) e [Pley OPU-xy

[P(el,t)P(sl'i)] .[P(eZ,t)P(l—tZ,

¢
54) )] +

= [Pce3't)é(r3'i)1; [?(l—e )] -[P(;—e

1,t 2,t

)]+

[P(e3't)P(r3'i)} °[P(el't)P(l-rl

'1)] . [P(l—~e2,t

- ’ [P(e3't)P(r3'i)] .[P(eZ,t)P(l—r i)] e. [P(1-e )] o+

2, 1,t

Y

)] « [Ple; (IP(l-ry, )] °

-
-

(‘l'i

[P(e3't)P(r3'i)] -[P(el't)P(l-r
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. Table ¢

Parameter Lcstimates of bkncloding Graphic
Inforration as a Function of Position

and Exposure'Time for each Grade Lovel

in Experiment 1

Exposure Position of Letter
Time : - -
(Seconds) Initial lliddle Firal

Kinderparten Group’

.5 LTCL ( LLoy .69 ‘

.554 b6y

z.C 655

Firct Grace Group

LE 419 Fﬁ 661 L7060 .

2.0 .07 ’ L7607 825
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' //Table 7 .
o Parameter Estihates of ﬁhe Protability of
* Forgetting Initial, Middle, and Final

- Letters as a Function of Retention

[y

Interyals for both Grade Levels in Eypérirent 1

“~.
Retentioh PQSLFIOn of -Le;et",tér( -
Interval — ‘ .
(Seconds) Initial Middle Final |

‘ Kindergarten Group

o .. - .018" 356 0.0600
1 : . 090 356 '0.00GC
"3 202 ..356 .4 156

First Grade Group.

I ]

0 -.001 | .118  .G95
1 012 L1181 695
<3 .039 .118 .09%
, ~

Q f){;
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Table 8 °
Parameter Estimate of the Probability of

ﬁespoﬁdinp "Different" as & Functioﬁ of

' ﬁ;& , . Information Stgte for Kindergarten and First
N 1,'.L5 :‘ - Grace Groups in Experiment'1
.“:; . ..
) Gracde Level
. . Information ]
A State . .
' . ‘ ’ Kinderrarten First
PR 44 .00G ' .000
‘ S ‘ .. | | .
. I, 1.000 "1.000
1 - .020 21
- 73 | 3
1 o :
~ o Iu S 72 ‘ 076
S ' 68U, 571
~ : .8These values are set by the assumptions of
the model’ ‘

1
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. Table ¢

>
o
The Estimated and Observed Probability of a
. RV

Correct Response-as a Function Bf‘EXposure
Time for each Grade Level in Experiment 1 . ,
a . €

j ‘

\ -

Exposure . Grade Level
Time
(Seconds)

Kindéryarten-Group

7
,ﬂ~ Observed Predicted . . -
@
.5 | T .76
3.0 « .80 .80 /

First Grade Group

Observed |- Predi%&%d
.5 ' L& .86
- 3.6 C.91 .91
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Table 10 AN
The Estirmated and Observed Probability of a
~ Correct Response as a Function'of Retention

Interval for each Grade LeQel in Experiment 1

7]
T +
Ketention Grade Level
" Interval
-~ .
(Seconds) ,
Kindergarten Group
. Observed || Predicted
0 .81 .79 ’ N
1 .80 . .78
P 3 .76 .76
.,
First Grade’Group
-/ .
Observed .+ Predicted
0 . .90 - .89
1 .90 .89
3 . .87 .88
i * wa °
% ~
~ N
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Table 11 o A
The Estimated and Observed Probability of a '
; ‘ .
Correct Response as a Function of
Pos-condition for each Grade Level in Experiment i
Pos Kindergarten Group
Gbserved Predicted
— p . ‘ ,
<S8S> o £ T9 .60
<DSS> ‘ ) .80 .60
© . #¢SDS> S .53 . 3
> <SSD> .62 . .63
 .<DDS> .83 .82
: <SDD> .76 .5
- <DSD> / .93 .92
<DDD> .94 .97
. - - - % i
First Grade Group . 9/
<SSS> .00’ ‘ .9C,
<DSS> .94 .94
’ . C/‘f
<SDS> : .70 .7C
<SSD> . .80 . ‘ .80
<DDS> © .95 - .95 ,
<SDD> 87 87 ”
<DSD> .96 " - 96 \
<DDD> .97 .97 -
\\ }
. . 9 .
O ‘ L. . 3 s‘ {\.’ -
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Table 12 )
, N Probability of Number of Letters Estimated in

o Memory for Comparison as a Function of Exposure

Time x Retention Interyal Condition for each —

Grade in Experiment 1

..

N - x’ : ’ g

Numter of
Letters

ET x RI (Seconds)

o]

5,1 ' -5,3

. 3,0 l 3,1 3,3
] ~_
i:) Kindergarten Gr&up
L
3 .07 .| .07 .05 11 .10 2T
2 .34 .32 .27 37 | .36 .31
1 J .45 .u6 LU0 .UO» .43
0 .14 .16 .22 L T2 L1U .19

/
e First Grade Group
3 37 .36 .35 L4y .43 U2
2 ). ue 46 [ .16 4y 4y !
1 .16 .16 L7 127 .12 .13
0 .01 .02 .02 .01 .01 .01
v s
100~

«
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K\ Table 13 . .
Estimated Probabilities of Encodiép and
Remembering a Letter as a Function of Exposure B
Time. x Retention Interval Condition for each
. ) L}
Grade Level in Experiment 1 AN
. ‘ lLetter Position | “
BT g RI
(Seconds) Initial Middle Final None
- A
L Kindergarten Group
- ] .
5 0. . .695 .260 - 389 .138
BT Leun L. 260 © 369 161 .
) .5 3. .565 260 - + 389 L2T
2.0 0. ' L6437 L2357 LUy 123
£2.0 1 ’ 846 ©.357 L6y 140 '
3.0 3. LRee . 357 .u64 167
) o . First Grade Group : //
.5 C .G19 ~.583 ‘.685 L.C11
L5 1 .908 , .£63 .686 .C13 *
.53 .88% .583 .686 L0133
3.0 0 .907 624 , .72k .008
3.0 1 .97 . .62y -2 .C10
310 3 " 874 62U 7oL 011

W
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™ Table 14
Estimated Probability oﬁka Correct Response
' as a Function of Letters Encoded and
. .
¢ Remembered for each Grade Level in Experiment 1
. o
Number of \
Letters Gra'de Level
Kiﬁ%erparten Group
. _ .
3 : 1.000%
2- ‘ .920
o1 . .70
) 0 <7 .500
' First Grade Group
3 1.000%
2 . .837
N\
C L : 765
0 .5C0
tassumption of model
&

) *‘ o 102 .. .




Table 15

Estimated Probabilitv of a Correct Response

!

a Function of Nurber of Letters Encoded and

Remembégﬁd for each Grade LeVel in Experiment 1

L4

AS

\ .
Information .
State ! Grade Level
Kindergarten First
I, - . 1.C% 1.0%
I ' ' 1.0% 1.0%
2 0 c* .
I? .860 L7115
£3
.Iu » .618 68"
L ' | :500‘ .500
*

asaunption of model

AR
NNy
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Figure 4

Predicted and observed correct response probabiliﬂ'es
for Same-candition and Different-condjtions at .5

-sec. Exposure Time and 0 sec. Retention Interval

D

for the Kindergarten Group in Experiment 1.

3 \

.

Each observed-data point under condition.<SSS> is
the arithmetic mean of 28 Ss x 28 items = 784 )
observations; all other observed data points are
the arithmetic means of 28 Ss x 4 items = 112
observations.
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Figure &
L] .

.
. . ‘gg Predicted ang/ébserved correct response probabilities
: for Same-condition and Different-conditions at .5

sec. Exposure Time and 1 sec. Retention Interval ‘for -
- the Kindergarten Group in Experiment 1.

Dt

»

Each obeerved data p01nt undér condltion {SSS> 1is
the arithmetic mean of 28 Ss x 28 items = 784

, . observations; all other observed data points are
.the arithmetic means of 28 Ss x U4 items = 112°

observations.
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Figure 6

'PredictQp and observed correct' response probabi¥ities

for Same-condition and Different-conditions at .5
. sec. Exposure Time and 3 sed. Retention Interval for
: the Kindergarten Group in Experiment 1. :

Each observed data point under condition <SSS> is
the arithmetic mean of 28 Ss x 28 items = 784

observations; all other observed data points are
the arithmetic means of 28 Ss x 4 items = 112
observations.
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~ Figure 7 '

>

Predicted and observed correct response probébilities

~ C #or Same-condition and Different-conditions at 3.0
the Kinderrarten Group/in Experiment 1.

|
\
|
\
\
\, . Sec. Exposure Time and Sec. Retention Interval for
|
|
|
\

Each observed data point under condition <SSS> is |
the arithmetic mean of 28 Ss x 28 items = 784 |
observations; all other observed data points are |
the arithmetic means of 28 Ss x 4 items = 112 - |
observations. - o
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Figure 8
. ‘ ’ . .
- Predicted and observed correct response probabilities
: for Same-condiiion and Different-condifions at 3.0 gec.. .
Exposure Time and 1 sec. Retention Interval for the '
Kindﬁrganten Group in Experiment 1. .

-

LIRS

Each observeddatagﬁgint undér condition <SSS> is
the arithmetic meaf of 28 Ss x 28 items = 784
observations; all other observed data points are
the arithmetic means of 28 Ss x 4 items = 112
observations. ‘ ‘
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Figure 9

Predicted and observed correct response probabilities
for Same-condition and Different-conditions at 3.0
sec. Exposure Time and 3.0 sec Retention, Interval for
the ‘Kindergarten Group in Experiment 1.

s

> d
_
Each observéd data point under condition <SSS> is
the arithmetic mean of 28 Ss x 28 items = 784
" observations; all other observed data points are
* the arithmetic means of 28 Ss x 4 items = 112
observations.
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Figure 10 o

]
‘
\

Predicted and observed correct response probabilities
for Same-condition and Different-condition at .5 sec.
. Exposure Time and 0 sec. Retention Interval for the
First Grade Group in Experiment 1. )

Y

Each observed data point under condition <SS8S> is
the arithmetic mean of 28 Ss x 28 items = T84
observations; all other observed data points are
the arithmetic means of 26 Ss x.4 items = 112
observations. '
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Figure 11

. Predicted and observed correct response probabilities
for Same-condition and Different-condition at .5 sec.
Exposure Time and 1 sec. Retention Interval for the
First Grade Group in Experiment 1. N

\f‘ -

Each observed d:ta point under condition <SSS> is
the arithmetic mean of 26 Ss x 28 itcms = 784
obseirvations; all other observed data points are
the arithmetic means of 28 Ss of 4 items = 112
observatioQ§u . . }

0 : 124
:' | ‘




111

.
—~,
T J T 15 T
i I T e RSN
Ve .4~|4I.7LT.1..,\» 41MJJ‘44»‘_
+ + - vt 44
. r.ﬁ o ¥ o Iswil
] S R T yla
;C- . -+ w.g
T nRw N N
peaussassansl] ol 0o w inekgs
3 Y T d m % +
1 - 1 —+—1 +
W AL4 4 .l a .
. - B ;
; +1t 4] T Q M i
: - : LR o 0 T4
1 : Sl M.. 1% HERS P!
-+ -4 H +
4 ; t 4t S
e I 1 M s P
wa L N + INRSEERNEESSSY
+ 4 + — { +— -l
jaSeaane s |84 TS
St 14 I »h 2 . 4 14 4
+ 4 4—+++ + + { , | PSS RERES RS
. B 4 e 1
: SasensPeesanat!
saasas 1 R
++ - + : + S
i T SENEEEEY SORSRE NI
BN f ; L4 . - !
+ } : - } FVSp AN pa - i
- \m t m 4 H * + o';omMr»IfA* + Jb. 4
i ) D N T RSN I ISR BERREEY
Y g et N [ 1 [ ~—++ SR SUUDIDUDIEY I SN
SESNN0E NEEEBE! 1 Ty RO 1 ISONE SENESRESNN
T T 1T RSB RSRREY PSS RS BEBRSNE S
M - +— 1t - '
) SV w } I ! + t A.?.al -t - 1t 1 Ay L o - -
) N GBS B T =
RS 4 u 1 AJ#T:EHI,L ; I E!ihlt;f@
— . ot : " -
] EEi PSRN EEEE SN SN NUNNENs
} 4 S 1 e ; 4
t 44 t + 4 44 .IHJI..L bt
+ 4+ - + L“ 4+ w : % it e ]
+ i | L + NEEN
1 7 nEanss T T e
| OTT ISSSPESANSEESPPUEELS By Fxnnai
M 111 1y 1 DB M - MRS
JNS N H 1 L%NJ.H IS EE RN PREESNRE! BRRESOEE SHENREREEN
t - + »+4¢ it b -t s e o N T T e
Plot N 4 ' B I e 4 - - e e
—+4 ’ + bt « 4+ Aﬁ* W FA + 8 ‘L,TH R Hﬁmﬁlﬂ.‘Yf‘ JUNE B
- - 4
Trmifr aREEes ++ - v e R 2 -t
IR I ES Tr - EEE SN PSS TORES PEERRASEE S
+ 4+ F +HH bt !
! .
INBanN ]
4 ! t : 1
181 113
1 11 1
I T 11
[=] (= o o o o [=]
8 4 & < B ) 3 ¢ 8
-—f

' uumuuou JuUa213g *

N

.
N

(sss) (pss)  (sps) (ssp)  (obs) (sbo)- (DSD) (ppD)
125

Aruitoxt provided by Eic:

E\.




112 N\ | ‘ e

Figure 12

d

Predicted and observed correct response probabilities
for Same-condition and Different-conditions at .5 sec.
Exposure Time and 3 sec. Retention Interval for the
First Grade Group in Experiment 1. '

Each observed data point under condition <SSS> is

the arithmetic mean of 28 Ss x 28 items = 784

observations; all other observed data points are

the arithmetic means of 28 Ss of 4 items = 112
observations.,
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"Figure 13

Predicted and observed correct response probatilities
for Same-condition and Different-conditions at 3.0

sec. Exposure Time and 0 sec. Retentionn Interval for
‘the First Grade Group % Experiment 1. '

\

t e

(

lach observed data point under condition <SSS> is
the arithmetic mean of 28 Ss x 28 items = T84
observations; all other observed data points are
the arithmetic means of 28 Ss of 4 items = 112

ohservations. \
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Fipure 14

"

Predicted and observed correct response probabilities
for Same-condition and Different-conditions at 3.0
sec. Exposure Time and 1 sec. Retention Interval for
the First Grade Group in Experiment 1.

£

Each observed data point under condition <SSS> is
the arithmetic mean of 28 Ss x 28 items = 784
observations; all other observed data points are
the arithmetic means of 28 Ss of U4 items = 112
observations.
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| Figure 15

i3

Predicted ano observed correct response probabilities
for Same-condition and Different-conditions at 3.0 sec.
Exposure Time and 2.0-sec. Retention Interval for the
First Grade Group in Experiment 1.

14

L
[
Each observed data point under condition <SSS> is w
the arithmetic mean of 26 Ss x 28 items = 784 ‘
observations; all other observed data points are
the arithmetic means of 28 Ss of 4 items = 112
observations. i}
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